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(54) A GAS TURBINE ENGINE

(57) A gas turbine engine (10) comprising a fan (13),
an intermediate pressure compressor (14), a high pres-
sure compressor (15), a high pressure turbine (17), a low
pressure turbine (19) and a gearbox (28). The low pres-
sure turbine (19) is arranged to drive the intermediate
pressure compressor (14) via a shaft (26) and an inter-
mediate pressure compressor drive shaft (27) and the
fan (13) via the shaft (26), a gearbox input shaft (29), the
gearbox (28) and a gearbox output shaft (38). The inter-
mediate pressure compressor drive shaft (27) has a

V-shaped cross-section comprising a base (50), a first
limb (52) and a second limb (54) extending from the base
(50). An end of the first limb (52) of the intermediate pres-
sure compressor drive shaft (27) is removably connected
to the intermediate pressure compressor (14). An end of
the second limb (54) of the intermediate pressure com-
pressor drive shaft (27) is removably connected to the
gearbox input shaft (29) and the base (50) of the inter-
mediate pressure compressor drive shaft (27) is remov-
ably connected to the shaft (26).
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Description

[0001] The present disclosure concerns a gas turbine
engine an in particular to a geared gas turbine engine
and more particularly to a geared turbofan gas turbine
engine or a geared turbo propeller gas turbine engine.
[0002] Geared gas turbine engines have a gearbox to
drive the fan or propeller. The gearbox may be a planetary
gearbox which allows the speed of rotation of the fan or
propeller to be reduced compared to the speed of rotation
of a driving turbine. This improves the efficiency of the
fan, or the propeller, and the turbine. A planetary gearbox
comprises a sun gear, an annulus gear and a plurality of
planet gears rotatably mounted in a planet carrier. The
sun gear is arranged to be driven by the turbine, the an-
nulus gear is fixed to static structure, the planet gears
orbit around the sun gear and the planet carrier drives
the fan or propeller. The gearbox may be a star gearbox
which comprises a sun gear, an annulus gear and a plu-
rality of star gears rotatably mounted in a star carrier.
The sun gear is arranged to be driven by the turbine, the
star carrier is fixed to static structure, the star gears rotate
around their own axes and the annulus gear drives the
fan or propeller.
[0003] A geared gas turbine engine generally has an
intermediate pressure compressor, or booster compres-
sor, a high pressure compressor, a high pressure turbine
and a low pressure turbine. The high pressure turbine
directly drives the high pressure compressor via a high
pressure shaft. The low pressure turbine directly drives
the intermediate pressure compressor via a low pressure
shaft and an intermediate pressure compressor drive
shaft. The low pressure turbine drives the fan, or propel-
ler, via the low pressure shaft, a gearbox input drive shaft,
the gearbox and a gearbox output drive shaft.
[0004] Currently, the intermediate pressure compres-
sor drive shaft is connected to the gearbox input drive
shaft at the same position that the gearbox input drive
shaft is connected to the low pressure shaft. The gearbox
input drive shaft is connected to the low pressure shaft
by a curvic coupling and bolted joint and the intermediate
pressure compressor drive shaft is connected to the
gearbox input drive shaft by a taper bolted joint. Thus,
the gearbox input drive shaft has taper bolts and conven-
tional bolts extending there-through at the same radial
and axial position, e.g. passing axially through a flange
at the downstream end of the gearbox input drive shaft.
[0005] A problem with this arrangement is that the ta-
per bolting of the gearbox input drive shaft to the inter-
mediate pressure compressor drive shaft requires that
apertures are machined through abutting flanges of these
two components at the same time and then taper bolts
are used to join the gearbox input drive shaft to the in-
termediate pressure compressor drive shaft. It is difficult
to machine the apertures in the flanges of the gearbox
input drive shaft and the intermediate pressure compres-
sor drive shaft. In addition a set of conventional bolts is
required to secure the gearbox input drive shaft to the

low pressure shaft and a set of taper bolts is required to
secure the intermediate pressure compressor drive shaft
to the gearbox input drive shaft. The taper bolts and the
conventional bolts require two sets of apertures in the
flanges which reduce the amount of material in the flang-
es which may weaken the structure. The compressor ro-
tor of the intermediate pressure compressor, the inter-
mediate pressure compressor drive shaft and the gear-
box input drive shaft form an intermediate pressure com-
pressor module which is balanced as a separate unit by
rotating the module through the curvic coupling on the
gearbox input drive shaft. The gearbox module is bal-
anced as a separate unit. The assembly of the gearbox
module onto the intermediate pressure compressor mod-
ule is difficult because it is difficult to blindly inter-engage
the splines on the internal surface of the sun gear and
the splines on the gearbox input drive shaft and damage
to the splines may occur.
[0006] Accordingly, the present invention seeks to pro-
vide a gas turbine engine comprising a gearbox in which
the above mentioned problem is reduced or overcome.
[0007] According to a first aspect of the disclosure
there is provided a gas turbine engine comprising a pro-
pulsor, an intermediate pressure compressor, a high
pressure compressor, a high pressure turbine, a low
pressure turbine and a gearbox, the high pressure turbine
being arranged to drive the high pressure compressor
via a high pressure shaft, the low pressure turbine being
arranged to drive the intermediate pressure compressor
via a low pressure shaft and an intermediate pressure
compressor drive shaft, the low pressure turbine being
arranged to drive the propulsor via the low pressure shaft,
a gearbox input drive shaft, the gearbox and a gearbox
output drive shaft, the intermediate pressure compressor
drive shaft having a V-shaped cross-section, the V-
shaped cross-section intermediate pressure compressor
drive shaft having a base, a first limb extending from the
base and a second limb extending from the base, a ra-
dially outer end of the first limb of the V-shaped cross-
section intermediate pressure compressor drive shaft be-
ing removably connected to the intermediate pressure
compressor, a radially inner end of the second limb of
the V-shaped cross-section intermediate pressure com-
pressor drive shaft being removably connected to the
gearbox input drive shaft and the base of the V-shaped
cross-section intermediate pressure compressor drive
shaft being removably connected to an upstream end of
the low pressure shaft.
[0008] The radially outer end of the first limb of the V-
shaped cross-section intermediate pressure compressor
drive shaft may be removably connected to the interme-
diate pressure compressor by a bolted joint.
[0009] The radially inner end of the second limb of the
V-shaped cross-section intermediate pressure compres-
sor drive shaft may be removably connected to the gear-
box input drive shaft by a bolted joint and a curvic coupling
or a bolted joint and a Hirth coupling.
[0010] The base of the V-shaped cross-section inter-
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mediate pressure compressor drive shaft may be remov-
ably connected to the upstream end of the low pressure
shaft by a bolted joint and a curvic coupling or a bolted
joint and a Hirth coupling.
[0011] The intermediate pressure compressor may
comprise at least one compressor disc carrying a stage
of compressor rotor blades, the at least one compressor
disc comprising a hub, a web and a rim, the compressor
rotor blades being arranged on the rim of the compressor
disc.
[0012] The radially outer end of the first limb of the V-
shaped cross-section intermediate pressure compressor
drive shaft may be connected to the web of the at least
one compressor disc of the intermediate pressure com-
pressor.
[0013] The radially outer end of the first limb of the V-
shaped cross-section intermediate pressure compressor
drive shaft may be connected to the hub of the at least
one compressor disc of the intermediate pressure com-
pressor.
[0014] The low pressure shaft may be rotatably mount-
ed in a static structure by a bearing, the bearing being
located at an upstream region of the low pressure shaft
and downstream of the upstream end of the low pressure
shaft.
[0015] The gas turbine engine may comprise a propul-
sor support shaft, an upstream end of the propulsor sup-
port shaft being located upstream of the gearbox and
being connected to the propulsor, a downstream end of
the propulsor support shaft being located downstream of
the gearbox, the propulsor support shaft extending
through and radially inside the gearbox and the gearbox
output drive shaft and the downstream end of the pro-
pulsor support shaft being rotatably mounted on the up-
stream end of the low pressure shaft by a bearing.
[0016] The base of the V-shaped cross-section inter-
mediate pressure compressor drive shaft and the up-
stream end of the low pressure shaft may be arranged
around the bearing between the downstream end of the
propulsor support shaft and the upstream end of the low
pressure shaft.
[0017] A seal arrangement may be provided to seal
between base of the V-shaped cross-section intermedi-
ate pressure compressor drive shaft and the upstream
end of the low pressure shaft.
[0018] The gearbox may comprise a sun gear, an an-
nulus gear, a plurality of planet gears and a planet gear
carrier, the sun gear meshing with the planet gears and
the planet gears meshing with the annulus gear, each
planet gear being rotatably mounted in the planet gear
carrier.
[0019] The planet gear carrier may comprise a first
ring, a second ring spaced axially from the first ring and
a plurality of circumferentially spaced axles extending
axially between the first ring and the second ring, each
planet gear being rotatably mounted on a respective one
of the axles.
[0020] The sun gear may be driven by the gearbox

input drive shaft, the annulus gear being secured to static
structure and the planet gear carrier being arranged to
drive the propulsor.
[0021] The sun gear may be driven by the gearbox
input drive shaft, the planet gear carrier being secured
to static structure and the annulus gear being arranged
to drive the propulsor.
[0022] The propulsor may be a fan or a propeller.
[0023] The V-shaped cross-section intermediate pres-
sure compressor drive shaft may be a monolithic piece.
[0024] The skilled person will appreciate that except
where mutually exclusive, a feature described in relation
to any one of the above aspects of the invention may be
applied mutatis mutandis to any other aspect of the in-
vention.
[0025] Embodiments of the disclosure will now be de-
scribed by way of example only, with reference to the
Figures, in which:

Figure 1 is a part sectional side view of a geared
turbofan gas turbine engine according to the present
disclosure.

Figure 2 is an enlarged part sectional side view of a
portion of the geared turbofan gas turbine engine
shown in Figure 1.

Figure 3 is an enlarged cross-sectional view though
the gearbox input drive shaft and intermediate pres-
sure compressor drive shaft shown in Figure 2.

Figure 4 is an alternative enlarged cross-sectional
view though the gearbox input drive shaft and inter-
mediate pressure compressor drive shaft shown in
Figure 2.

Figure 5 is an alternative enlarged part cross-sec-
tional view of a portion of the geared turbofan gas
turbine engine shown in Figure 1.

Figure 6 is an enlarged cross-sectional view though
the gearbox input drive shaft and intermediate pres-
sure compressor drive shaft shown in Figure 5.

Figure 7 is an alternative enlarged cross-sectional
view though the gearbox input drive shaft and inter-
mediate pressure compressor drive shaft shown in
Figure 5.

Figure 8 is a further enlarged cross-sectional view
though the gearbox input drive shaft and intermedi-
ate pressure compressor drive shaft shown in Figure
7.

[0026] With reference to Figures 1, 2 and 3, a geared
turbofan gas turbine engine is generally indicated at 10,
having a principal and rotational axis 9. The engine 10
comprises, in axial flow series, an air intake 12, a pro-
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pulsive fan 13, an intermediate-pressure, or booster,
compressor 14, a high-pressure compressor 15, com-
bustion equipment 16, a high-pressure turbine 17, a low-
pressure turbine 19 and a core exhaust nozzle 20. The
intermediate-pressure compressor 14, the high-pressure
compressor 15, the combustion equipment 16, the high-
pressure turbine 17 and the low-pressure turbine 19 form
a core engine 11. A nacelle 21 generally surrounds the
engine 10 and defines the intake 12, a bypass duct 22
and a bypass exhaust nozzle 18.
[0027] The gas turbine engine 10 works in the conven-
tional manner so that air entering the intake 12 is accel-
erated by the fan 13 to produce two air flows: a first air
flow A into the intermediate-pressure compressor 14 and
a second air flow B which passes through the bypass
duct 22 to provide the majority of the propulsive thrust.
The intermediate-pressure compressor 14 compresses
the air flow directed into it before delivering that air to the
high-pressure compressor 15 where further compression
takes place.
[0028] The compressed air exhausted from the high-
pressure compressor 15 is directed into the combustion
equipment 16 where it is mixed with fuel and the mixture
combusted. The resultant hot combustion products then
expand through, and thereby drive the high and low-pres-
sure turbines 17, 19 before being exhausted through the
core nozzle 20 to provide additional propulsive thrust.
The high-pressure turbine 17 drives the high-pressure
compressor 15 by a high pressure shaft 23. The low-
pressure turbine 19 drives the intermediate-pressure
compressor 14 directly via a low pressure shaft 26 and
an intermediate-pressure compressor drive shaft 27. The
low-pressure turbine 19 drives the fan 13 indirectly via
the low pressure shaft 26, a gearbox input drive shaft 29,
a gearbox 28 and a gearbox output drive shaft 38.
[0029] The gearbox 28 comprises a sun gear 30, an
annulus gear 32, a plurality of planet gears 34 and a
planet gear carrier 36. The sun gear 30 meshes with the
planet gears 34 and the planet gears 32 mesh with the
annulus gear 32. The planet gear carrier 36 constrains
the planet gears 34 to precess around the sun gear 30
in synchronicity whilst enabling each planet gear 34 to
rotate about its own axis independently. The planet gear
carrier 36 is coupled via the gearbox output drive shaft
38 to the fan 13 in order to drive its rotation about the
engine axis 9. The annulus gear 32 is coupled to a static
structure 24. The axes of the planet gears 34 and the
axis of the planet gear carrier 36 are parallel to the engine
axis 9. The gearbox output drive shaft 38 is rotatably
mounted in static structure by one or more bearings. The
one or more bearings are rolling element bearings, e.g.
roller bearings or ball bearings. The gearbox output shaft
38 rotates in the same direction as the gearbox input
shaft 29 but at a lower rotational speed than the gearbox
input shaft 29.
[0030] The intermediate pressure compressor 14, as
shown more clearly in Figures 2 and 3, comprises a com-
pressor rotor 39 which comprises at least one compres-

sor disc 40 which carries a stage of compressor rotor
blades 48. The intermediate pressure compressor 14 al-
so comprises one or more stages of compressor stator
vanes 49. The at least one compressor disc 40 comprises
a hub 42, a web 44 and a rim 46 and the compressor
rotor blades 48 are arranged on the rim 46 of the com-
pressor disc 40. In this example the compressor rotor 39
of the intermediate pressure compressor 14 comprises
a plurality of compressor discs 40 and each carries a
stage of compressor rotor blades 48, for example there
may be two, three or four compressor discs 40. Each
compressor disc 40 comprises a hub 42, a web 44 and
a rim 46 and compressor rotor blades 48 are arranged
on the rim 46 of each compressor disc 40. The compres-
sor discs 40 are removably secured together by bolted
joints to form the compressor rotor 39. There may be one
or more spacer rings 41, each spacer ring 41 is provided
between two axially adjacent compressor discs 40 and
each spacer ring 41 is removably secured to each com-
pressor disc 40 by a bolted joint. Alternatively, one or
more of the compressor discs 40 may have an axially
extending arm 43 which is removably secured to an ad-
jacent compressor disc 40 by a bolted joint. Alternatively,
there may be one or more spacer rings 41 each of which
is provided between two axially adjacent compressor
discs 40 and each spacer ring 41 is removably secured
to each compressor disc 40 by a bolted joint and there
may be one or more compressor discs 40 each of which
has an axially extending arm 43 which is removably se-
cured to an adjacent compressor disc 40 by a bolted joint.
Each spacer ring 41 and/or each axially extending arm
43 is provided with one or more annular radially outwardly
extending fins to mate with an abradable material on the
radially inner ends of a stage of intermediate pressure
compressor stator vanes 49. The plurality of compressor
discs 40 and spacer rings 41 and/or axially extending
arms 43 are also known as a compressor drum.
[0031] The compressor rotor blades 48 may have fir-
tree, or dovetail, shaped roots provided in correspond-
ingly shaped circumferentially spaced axially extending
slots in the rim 46 of the corresponding compressor disc
40, the compressor rotor blades 48 may have dovetail
shaped roots provided in a correspondingly shaped cir-
cumferentially extending slot in the rim 46 of the corre-
sponding compressor disc 40 or the compressor rotor
blades 48 may be integral with the rim 46 of the com-
pressor disc 40, e.g. the compressor rotor blades 48 may
be welded, linear friction welded, onto the rim 46 of the
compressor disc 40 or the compressor disc 40 and com-
pressor rotor blades 48 may have been machined from
a larger blank or forging.
[0032] The intermediate pressure compressor drive
shaft 27 has a V-shaped, or U-shaped, cross-section, as
shown more clearly in Figure 3, and the V-shaped cross-
section intermediate pressure compressor drive shaft 27
has a base 50, a first limb 52 which extends from the
base 50 and a second limb 54 which extends from the
base 50. The base 50 is at a downstream end, an end
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nearest to the high pressure turbine 17, of the V-shaped
cross-section intermediate pressure compressor shaft
27. A remote end, a radially outer end, of the first limb
52 is at an upstream end, an end nearest to the fan 13,
of the V-shaped cross-section intermediate pressure
compressor drive shaft 27. The remote end, a radially
outer end, of the first limb 52 of the V-shaped cross-sec-
tion intermediate pressure compressor drive shaft 27 is
removably connected to the compressor rotor 39 of the
intermediate pressure compressor 14. A remote end, a
radially inner end, of the second limb 54 is also at an
upstream end, an end nearest to the fan 13, of the V-
shaped cross-section intermediate pressure compressor
drive shaft 27. The remote end, a radially inner end, of
the second limb 54 of the V-shaped cross-section inter-
mediate pressure compressor drive shaft 27 is removably
connected to the gearbox input drive shaft 29 and the
base 50 of the V-shaped cross-section intermediate pres-
sure compressor drive shaft 27 is removably connected
to an upstream end of the low pressure shaft 26. The first
limb 52 extends in an axially upstream and radially out-
wardly direction form the base 50 of the V-shaped cross-
section intermediate pressure compressor drive shaft 27
and the second limb 54 extends in an axially upstream
and radially inwardly direction form the base 50 of the V-
shaped cross-section intermediate pressure compressor
drive shaft 27. The V-shaped, or U-shaped, cross-section
intermediate pressure compressor drive shaft 27 is a sin-
gle piece, a monolithic piece, and may be formed by forg-
ing and machining the forging.
[0033] The radially outer end of the first limb 52 of the
V-shaped cross-section intermediate pressure compres-
sor drive shaft 27 is removably connected to the com-
pressor rotor 39 of the intermediate pressure compressor
14 by a bolted joint. The radially inner end of the second
limb 54 of the V-shaped cross-section intermediate pres-
sure compressor drive shaft 27 is removably connected
to a half of a curvic coupling 51 on the gearbox input drive
shaft 29 by a half of a curvic coupling 53 and fasteners,
e.g. nuts and bolts. The base 50 of the V-shaped cross-
section intermediate pressure compressor drive shaft 27
is removably connected to a half of a curvic coupling 57
on the upstream end of the low pressure shaft 26 by a
half of a curvic coupling 55 and fasteners, e.g. nuts and
bolts. The radially outer end of the first limb 52 of the V-
shaped cross-section intermediate pressure compressor
drive shaft 27 is removably connected to the web 44 of
one of the compressor discs 40 of the compressor rotor
39 of the intermediate pressure compressor 14. The ra-
dially outer end of the first limb 52 has a radially outwardly
extending flange which is bolted to the web 44 of a com-
pressor disc 40 of the compressor rotor 39 of the inter-
mediate pressure compressor 14.
[0034] The low pressure shaft 26 is rotatably mounted
in a static structure 60 by a bearing 62. The bearing 62
is a rolling element bearing, e.g. a ball bearing. The bear-
ing 62 is located at an upstream region of the low pressure
shaft 26 and downstream of the upstream end of the low

pressure shaft 26. The bearing 62 may be located axially
between the upstream end of the intermediate pressure
compressor 14 and the downstream end of the interme-
diate pressure compressor 14 if there are three or four
compressor discs 40 as shown in Figure 3. The bearing
62 may be located axially downstream of the intermediate
pressure compressor 14 if there are two compressor
discs 40, as shown in Figure 2. The static structure 60
comprises a plurality of circumferentially spaced struts,
or vanes, 64 located in the flow path axially between the
intermediate pressure compressor 14 and the high pres-
sure compressor 15. The struts 64 extend radially be-
tween an inner annular member 66 and an outer annular
member 68 and the outer annular member 68 is secured
to a core engine casing 70 of the core engine 11.
[0035] In operation the V-shaped cross-section inter-
mediate pressure compressor drive shaft 27 is driven by
the low pressure shaft 26 via the bolted joint and the half
curvic couplings 57 and 55 at the upstream end of the
low pressure shaft 26 and the base 50 of the V-shaped
cross-section intermediate pressure compressor drive
shaft 27 respectively. The V-shaped cross-section inter-
mediate pressure compressor drive shaft 27 transmits
drive to the compressor rotor 39 of the intermediate pres-
sure compressor 14 via the bolted joint at the radially
outer end of the first limb 52 of the V-shaped cross-sec-
tion intermediate pressure compressor drive shaft 27.
The V-shaped cross-section intermediate pressure com-
pressor drive shaft 27 also transmits drive to the gearbox
input drive shaft 29 via the bolted joint and the half curvic
couplings 53 and 51 at the radially inner end of the second
limb 54 of the V-shaped cross-section intermediate pres-
sure compressor drive shaft 27 and the downstream end
of the gearbox input drive shaft 29 respectively.
[0036] An alternative arrangement is shown in Figure
4 and the arrangement in Figure 4 is substantially the
same as the arrangement shown in Figure 3 and like
parts are denoted by like numerals. The arrangement in
Figure 4 differs in that the radially outer end of the first
limb 52 of the V-shaped, or U-shaped, cross-section in-
termediate pressure compressor drive shaft 27 is con-
nected to the hub 42 of the at least one compressor disc
40 of the compressor rotor 39 of the intermediate pres-
sure compressor 14. The radially outer end of the first
limb 52 has a radially outwardly extending flange which
is bolted to a radially inwardly extending flange on the
hub 42 of a compressor disc 40 of the intermediate pres-
sure compressor 14. In another minor variation the flange
on the hub 42 of the compressor disc 40 is provided on
an axially extending arm and the flange extends radially
inwardly or radially outwardly from the arm and the radi-
ally outer end of the first limb 52 is provided with a radially
outwardly extending flange or a radially inwardly extend-
ing flange. The advantage of this arrangement is that
there is reduction in the weight of the V-shaped cross-
section intermediate pressure compressor drive shaft 27
and hence a reduction in weight of the geared turbofan
gas turbine engine 10. In addition it enables the com-
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pressor rotor 39 of the intermediate pressure compressor
14 to be built up by sequentially securing axially adjacent
compressor discs 40 together before the intermediate
pressure compressor drive shaft 27 is connected to the
hub 42 of the compressor disc 40. Alternatively the com-
pressor rotor 39 of the intermediate pressure compressor
14 is built up in the same manner as that for the Figure
3 by sequentially securing axially adjacent compressor
discs 40 together until the compressor disc 40 to which
the intermediate compressor drive shaft 27 is to be at-
tached and then attaching the intermediate compressor
drive shaft 27 to that compressor disc 40 and then con-
tinuing sequentially securing axially adjacent compres-
sor discs 40 together.
[0037] An additional arrangement is shown in Figures
5 and 6 and the arrangement in Figures 5 and 6 is sub-
stantially the same as the arrangement shown in Figures
2 and 3 and like parts are denoted by like numerals. The
arrangement in Figures 5 and 6 differs in that the geared
turbofan gas turbine engine 10 additionally comprises a
propulsor support shaft 80. An upstream end of the pro-
pulsor support shaft 80 is located upstream of the gear-
box 28, a downstream end of the propulsor support shaft
80 is located downstream of the gearbox 28 and the pro-
pulsor support shaft 80 extends axially through and ra-
dially within, e.g. radially inside, the gearbox 28 and the
gearbox output drive shaft 38. The upstream end of the
propulsor support shaft 80 is connected to the fan 13
and/or an upstream end of the gearbox output drive shaft
38. The downstream end of the propulsor support shaft
80 is rotatably mounted on the upstream end of the low
pressure shaft 26 by a bearing 82. The bearing 82 is a
rolling element bearing, e.g. a ball bearing. The bearing
82 is located axially between the upstream end of the
intermediate pressure compressor 15 and the down-
stream end of the intermediate pressure compressor 15.
The bearing 82 is an inter-shaft bearing, e.g. a bearing
located between two rotating shafts. The gearbox output
shaft 38 and the propulsor support shaft 80 rotate in the
same direction as the gearbox input shaft 29 but at a
lower rotational speed than the gearbox input shaft 29.
The propulsor support shaft 80 and the bearing 82 help
to support and locate the fan 13.
[0038] Another arrangement is shown in Figure 7 and
the arrangement in Figure 7 is substantially the same as
the arrangement shown in Figures 5 and 6 and like parts
are denoted by like numerals. The arrangement of Figure
7 differs in that the radially outer end of the first limb 52
of the V-shaped, or U-shaped, cross-section intermedi-
ate pressure compressor drive shaft 27 is connected to
the hub 42 of the at least one compressor disc 40 of the
compressor rotor 39 of the intermediate pressure com-
pressor 14. The radially outer end of the first limb 52 has
a radially outwardly extending flange which is bolted to
a radially inwardly extending flange on the hub 42 of a
compressor disc 40 of the compressor rotor 39 of the
intermediate pressure compressor 14. In another minor
variation the flange on the hub 42 of the compressor disc

40 is provided on an axially extending arm and the flange
extends radially inwardly or radially outwardly from the
arm and the radially outer end of the first limb 52 is pro-
vided with a radially outwardly extending flange or a ra-
dially inwardly extending flange. The advantage of this
arrangement is that there is reduction in the weight of the
V-shaped cross-section intermediate pressure compres-
sor drive shaft 27 and hence a reduction in weight of the
geared turbofan gas turbine engine 10. In addition it en-
ables the compressor rotor 39 of the intermediate pres-
sure compressor 14 to be built up by sequentially secur-
ing axially adjacent compressor discs 40 together before
the intermediate pressure compressor drive shaft 27 is
connected to the hub 42 of the compressor disc 40. Al-
ternatively the compressor rotor 39 of the intermediate
pressure compressor 14 is built up in the same manner
as that for the Figure 6 by sequentially securing axially
adjacent compressor discs 40 together until the compres-
sor disc 40 to which the intermediate compressor drive
shaft 27 is to be attached and then attaching the inter-
mediate compressor drive shaft 27 to that compressor
disc 40 and then continuing sequentially securing axially
adjacent compressor discs 40 together.
[0039] It is to be noted in figures 5, 6 and 7 that the
base 50 of the V-shaped cross-section intermediate pres-
sure compressor drive shaft 27 and the upstream end of
the low pressure shaft 26 are arranged around, e.g. co-
axially around, the bearing 82 between the downstream
end of the fan support shaft 80 and the upstream end of
the low pressure shaft 26. The base 50 of the V-shaped
cross-section intermediate pressure compressor drive
shaft 27 and the upstream end of the low pressure shaft
26 are aligned generally axially with the bearing 82 be-
tween the downstream end of the fan support shaft 80
and the upstream end of the low pressure shaft 26. A
seal arrangement is provided to seal between base 50
of the V-shaped cross-section intermediate pressure
compressor drive shaft 27 and the upstream end of the
low pressure shaft 26. Figure 8 shows a seal 84 that is
provided to control, or prevent, leakage of lubricant from
the bearing 82 though the half curvic couplings 55 and
57 on the intermediate pressure compressor drive shaft
27 and the low pressure shaft 26 respectively in the ar-
rangement shown in Figure 6, but may be used with Fig-
ure 7. The seal 84 comprises an annular member 86 and
the annular member 86 has an axially upstream end
which locates in an annular slot 88 in the radially inner
surface of the second limb 54 of the V-shaped, or U-
shaped, cross-section intermediate pressure compres-
sor drive shaft 27 and an axially downstream end which
abuts the radially inner surface of the low pressure drive
shaft 26 adjacent but downstream of the half curvic cou-
pling 55. The annular member 86 has an intermediate
portion which locates in an annular groove 90 defined in
part by the base 50 of the V-shaped cross-section inter-
mediate pressure compressor drive shaft 27 adjacent the
half curvic coupling 55 and the low pressure drive shaft
26 adjacent the half curvic coupling 57. The annular
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member 86 is provided with a suitable seal 96 at a first
side of the half curvic couplings 55 and 57 and a suitable
seal 98 at a second side of the half curvic couplings 55
and 57 which seal against the radially inner surface of
the intermediate pressure compressor drive shaft 27 and
the radially inner surface of the low pressure drive shaft
26 respectively. In this arrangement both of the seals 96
and 98 are located in the annular groove 90. In another
arrangement the seal 96 is located at the axially upstream
end of the annular member 86 and seals against the ra-
dially inner surface of the intermediate pressure com-
pressor drive shaft 27 and the seal 98 is located in the
annular groove 90. The seals 96 and 98 are O ring seals
but other suitable seals may be used.
[0040] In all of the embodiments of the present disclo-
sure the compressor rotor 39 and the compressor rotor
39 blades 48 of the intermediate pressure compressor
14 and the V shaped cross-section section intermediate
pressure compressor drive shaft 27 define an intermedi-
ate pressure compressor module 92. The compressor
rotor 39 39 of the intermediate pressure compressor
module 92 comprises one or more compressor discs 40.
The intermediate pressure compressor module 92 is bal-
anced as a separate unit. The intermediate pressure
compressor module 92 is balanced by providing power
to rotate the intermediate pressure compressor module
92 though the half curvic coupling 53 or the half curvic
coupling 55. The intermediate pressure compressor
module 92 is balanced by adding weights and/or remov-
ing material from the intermediate pressure compressor
module 92 at appropriate circumferentially positions. The
intermediate pressure compressor module 92 may be
balanced by adding weights and/or removing material
from one or more balancing lands 45, e.g. by providing
fasteners, e.g. nuts and/or bolts, with different weights
and/or the material may be removed from balancing
lands 45 on the compressor discs 40, the spacer rings
41 and/or the axially extending arms 43.
[0041] The rotating components of the gearbox 28, the
gearbox input drive shaft 29 and the gearbox output drive
shaft define 38 a gearbox module 94. The gearbox mod-
ule 94 is balanced as a separate unit. The rotating com-
ponents of the gearbox 28 in this example, a planetary
gearbox, are the gearbox input drive shaft 29, the sun
gear 30, the planet gears 32, the planet gear carrier 36
and the gearbox output drive shaft 38. In a star gearbox
the rotating components are the gearbox input drive shaft
29, the sun gear 30, the planet gears 32, the annulus
gear 34 and the gearbox output drive shaft 38. In a dif-
ferential gearbox the rotating components are the gear-
box input drive shaft 29, the sun gear 30, the planet gears
32, the annulus gear 34, the planet gear carrier 36 and
two gearbox output drive shafts 38.
[0042] In operation the intermediate pressure com-
pressor module 92 is a relatively high momentum/inertia
module, e.g. has a higher momentum/inertia than the
gearbox module 94, and it is much more important to
balance the intermediate pressure compressor module

92 than the gearbox module 94. In operation the inter-
mediate compressor module 92 rotates at a higher rota-
tional velocity than the planet gear carrier and/or the an-
nulus gear and has a greater mass than the planet gear
carrier and/or the annulus gear. In operation the interme-
diate compressor module 92 rotates at the same rota-
tional velocity as the gearbox input drive shaft and the
sun gear but has a much greater mass than gearbox
input drive shaft and the sun gear.
[0043] The intermediate pressure compressor drive
shaft and the gearbox input drive shaft may be formed
from the same metal, e.g. steel or titanium, or the inter-
mediate pressure compressor drive shaft and the inter-
mediate pressure compressor may be formed from dif-
ferent metals, e.g. steel and titanium alloy respectively.
The intermediate pressure compressor drive shaft and
the compressor rotor may be made from the same metal,
e.g. titanium, or the intermediate pressure compressor
drive shaft and the compressor rotor may be made from
different metals, e.g. steel and titanium respectively.
[0044] In all of the embodiments of the present disclo-
sure the gearbox input drive shaft 29 is part of the gearbox
module 94 and is not a part of the intermediate pressure
compressor module 92. The intermediate pressure com-
pressor module 92 is assembled into the geared gas tur-
bine engine 10 by aligning and mating, inter-engaging,
the half curvic coupling 55 on the intermediate pressure
compressor drive shaft 27 with the half curvic coupling
57 on the upstream end of the low pressure shaft 26 and
then securing the intermediate pressure compressor
drive shaft 27 to the low pressure shaft 26 via fasteners,
e.g. nuts and bolts. The gearbox module 94 is assembled
into the intermediate pressure compressor module 92 by
aligning and mating, inter-engaging, the half curvic cou-
pling 51 on the gearbox input drive shaft 29 with the half
curvic coupling 53 on the intermediate pressure com-
pressor drive shaft 27 and then securing the gearbox
input drive shaft 29 to the intermediate pressure com-
pressor drive shaft 27 via fasteners, e.g. nuts and bolts.
Thus, it is much easier to inter-engage the half curvic
couplings 51 and 53 on the gearbox input drive shaft 29
and the intermediate pressure compressor drive shaft 27
than to inter-engage internal splines on the sun gear and
splines on the gearbox input drive shaft.
[0045] In all of the embodiments of the present disclo-
sure there are radially inner and radially outer half curvic
couplings on the base of the V shaped cross-section sec-
tion intermediate pressure compressor drive shaft and
the upstream end of the low pressure shaft and the bolts
are located radially between the radially inner and radially
outer half curvic couplings.
[0046] In all of the embodiments of the present disclo-
sure there are radially inner and radially outer half curvic
couplings on the radially inner end of the second limb of
the V shaped cross-section section intermediate pres-
sure compressor drive shaft and the downstream end of
the gearbox input drive shaft and the bolts are located
radially between the radially inner and radially outer half
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curvic couplings.
[0047] The present disclosure has the advantage of
enabling better modularity between the gearbox and the
intermediate pressure compressor, simplifies and pro-
vides consistency of assembly and disassembly of the
intermediate pressure compressor module and the gear-
box module and the building of the intermediate pressure
compressor module and the gearbox module into the
geared turbofan gas turbine engine. The present disclo-
sure enables the intermediate pressure compressor
module to be balanced more easily. The present disclo-
sure enables the intermediate pressure compressor
drive shaft to be secured to the gearbox input drive shaft
without the need for taper bolts and hence provides a
cost reduction and weight reduction. The elimination of
the taper bolts also increases the strength and rigidity of
the connection between the intermediate pressure drive
shaft and the low pressure shaft and the strength and
rigidity of the connection between the intermediate pres-
sure compressor drive shaft and the gearbox input drive
shaft. The present disclosure provides half curvic cou-
plings between the low pressure shaft and the interme-
diate pressure compressor drive shaft and half curvic
couplings between the intermediate pressure drive shaft
and the gearbox input drive shaft to allow easy and con-
sistent assembly and disassembly for repair or replace-
ment of the gearbox module and/or the intermediate
pressure compressor module.
[0048] Although the present disclosure has referred to
the use of half curvic couplings on the low pressure shaft
and the intermediate pressure compressor drive shaft it
is equally possible to use half Hirth couplings. Although
the present disclosure has referred to the use of half cur-
vic couplings on the intermediate pressure compressor
drive shaft and the gearbox input drive shaft it is equally
possible to use half Hirth couplings. A Hirth coupling com-
prises a plurality of radially extending interlocking teeth
provided on the two halves of the Hirth coupling, as is
well known to a person skilled in the art. The teeth are
generally triangular in cross-section. A curvic coupling
comprises a plurality of radially extending interlocking
splines provided on the two halves of the curvic coupling,
as is well known to a person skilled in the art. The splines
are generally isosceles trapezium in cross-section.
[0049] The planet gear carrier may comprise a first
ring, a second ring spaced axially from the first ring and
a plurality of circumferentially spaced axles extending
axially between the first ring and the second ring, each
planet gear being rotatably mounted on a respective one
of the axles.
[0050] In the arrangements described above the sun
gear is driven by the gearbox input drive shaft, the an-
nulus gear is secured to static structure and the planet
gear carrier is arranged to drive the fan via the gearbox
output drive shaft.
[0051] Alternatively, the sun gear may be driven by the
gearbox input drive shaft, the planet gear carrier is se-
cured to static structure and the annulus gear is arranged

to drive the fan via the gearbox output drive shaft.
[0052] Although in the arrangements described above
the gearbox has driven a fan it is equally possible for the
gearbox to drive or a propeller. The fan and the propeller
are generally known as a propulsor.
[0053] As described above, the gas turbine engine
comprises a propulsor, an intermediate-pressure com-
pressor, a high-pressure compressor, a high-pressure
turbine and a low-pressure turbine, the high-pressure tur-
bine is arranged to directly drive the high-pressure com-
pressor, the low-pressure turbine is arranged to directly
drive the intermediate-pressure compressor and the low-
pressure turbine is arranged to drive the propulsor via a
gearbox.
[0054] Alternatively, the gas turbine engine comprises
a first propulsor, a second propulsor, an intermediate-
pressure compressor, a high-pressure compressor, a
high-pressure turbine and a low-pressure turbine, the
high-pressure turbine is arranged to directly drive the
high-pressure compressor, the low-pressure turbine is
arranged to directly drive the intermediate-pressure com-
pressor and the low-pressure turbine is arranged to drive
the first propulsor and the second propulsor via a gear-
box.
[0055] The sun gear may be driven by a low-pressure
turbine, the annulus gear may be secured to static struc-
ture and the planet gear carrier may be arranged to drive
a propulsor.
[0056] The sun gear may be driven by the low-pressure
turbine, the planet gear carrier may be secured to static
structure and the annulus gear may be arranged to drive
a propulsor. In this arrangement the planet gears are
termed star gears and the annular extension of the planet
gear carrier is secured to the static structure. In this ar-
rangement each planet gear rotates about its own axis
and the planet gear carrier does not rotate about the en-
gine axis. The axes of the planet gears are parallel to the
engine axis.
[0057] The planet gear carrier may be driven by the
low-pressure turbine, the sun gear may be secured to
static structure and the annulus gear may be arranged
to drive a propulsor.
[0058] The sun gear may be driven by the low-pressure
turbine, the planet gear carrier may be arranged to drive
a first propulsor and the annulus gear may be arranged
to drive a second propulsor.
[0059] It will be understood that the invention is not
limited to the embodiments above-described and various
modifications and improvements can be made without
departing from the concepts described herein. Except
where mutually exclusive, any of the features may be
employed separately or in combination with any other
features and the disclosure extends to and includes all
combinations and subcombinations of one or more fea-
tures described herein.
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Claims

1. A gas turbine engine (10) comprising a propulsor
(13), an intermediate pressure compressor (14), a
high pressure compressor (15), a high pressure tur-
bine (17), a low pressure turbine (19) and a gearbox
(28), the high pressure turbine (17) being arranged
to drive the high pressure compressor (14) via a high
pressure shaft (23), the low pressure turbine (19)
being arranged to drive the intermediate pressure
compressor (14) via a low pressure shaft (26) and
an intermediate pressure compressor drive shaft
(27), the low pressure turbine (19) being arranged
to drive the propulsor (13) via the low pressure shaft
(26), a gearbox input drive shaft (29), the gearbox
(28) and a gearbox output drive shaft (38), charac-
terised in that the intermediate pressure compres-
sor drive shaft (27) having a V-shaped cross-section,
the V-shaped cross-section intermediate pressure
compressor drive shaft (27) having a base (50), a
first limb (52) extending from the base (50) and a
second limb (54) extending from the base (50), a
radially outer end of the first limb (52) of the V-shaped
cross-section intermediate pressure compressor
drive shaft (27) being removably connected to the
intermediate pressure compressor (14), a radially in-
ner end of the second limb (54) of the V-shaped
cross-section intermediate pressure compressor
drive shaft (27) being removably connected to the
gearbox input drive shaft (29) and the base (50) of
the V-shaped cross-section intermediate pressure
compressor drive shaft (27) being removably con-
nected to an upstream end of the low pressure shaft
(26).

2. A gas turbine engine as claimed in claim 1 wherein
the radially outer end of the first limb (52) of the V-
shaped cross-section intermediate pressure com-
pressor drive shaft (27) being removably connected
to the intermediate pressure compressor (14) by a
bolted joint.

3. A gas turbine engine as claimed in claim 1 or claim
2 wherein the radially inner end of the second limb
(54) of the V-shaped cross-section intermediate
pressure compressor drive shaft (27) being remov-
ably connected to the gearbox input drive shaft (29)
by a bolted joint and a curvic coupling (51, 53) or a
bolted joint and a Hirth coupling.

4. A gas turbine engine as claimed in claim 1, claim 2
or claim 3 wherein the base (50) of the V-shaped
cross-section intermediate pressure compressor
drive shaft (27) being removably connected to the
upstream end of the low pressure shaft (26) by a
bolted joint and a curvic coupling (55, 57) or a bolted
joint and a Hirth coupling.

5. A gas turbine engine as claimed in any of claims 1
to 4 wherein the intermediate pressure compressor
(14) comprising at least one compressor disc (40)
carrying a stage of compressor rotor blades (48), the
at least one compressor disc (40) comprising a hub
(42), a web (44) and a rim (46), the compressor rotor
blades (48) being arranged on the rim (46) of the
compressor disc (40).

6. A gas turbine engine as claimed in claim 5 wherein
the radially outer end of the first limb (52) of the V-
shaped cross-section intermediate pressure com-
pressor drive shaft (27) being connected to the web
(44) of the at least one compressor disc (40) of the
intermediate pressure compressor (14).

7. A gas turbine engine as claimed in claim 5 wherein
the radially outer end of the first limb (52) of the V-
shaped cross-section intermediate pressure com-
pressor drive shaft (27) being connected to the hub
(42) of the at least one compressor disc (40) of the
intermediate pressure compressor (14).

8. A gas turbine engine as claimed in any of claims 1
to 7 wherein the low pressure shaft (26) is rotatably
mounted in a static structure (60) by a bearing (62),
the bearing (62) being located at an upstream region
of the low pressure shaft (26) and downstream of
the upstream end of the low pressure shaft (26).

9. A gas turbine engine as claimed in any of claims 1
to 8 comprising a propulsor support shaft (80), an
upstream end of the propulsor support shaft (80) be-
ing located upstream of the gearbox (28) and being
connected to the propulsor (13), a downstream end
of the propulsor support shaft (80) being located
downstream of the gearbox (28), the propulsor sup-
port shaft (80) extending through and radially inside
the gearbox (28) and the gearbox output drive shaft
(38) and the downstream end of the propulsor sup-
port shaft (80) being rotatably mounted on the up-
stream end of the low pressure shaft (26) by a bear-
ing (82).

10. A gas turbine engine as claimed in claim 9 wherein
the base (50) of the V-shaped cross-section inter-
mediate pressure compressor drive shaft (27) and
the upstream end of the low pressure shaft (26) being
arranged around the bearing (82) between the down-
stream end of the propulsor support shaft (80) and
the upstream end of the low pressure shaft (26).

11. A gas turbine engine as claimed in claim 10 wherein
a seal arrangement (84) being provided to seal be-
tween base (50) of the V-shaped cross-section in-
termediate pressure compressor drive shaft (27) and
the upstream end of the low pressure shaft (26).
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12. A gas turbine engine as claimed in any of claims 1
to 11 wherein the gearbox (28) comprising a sun
gear (30), an annulus gear (32), a plurality of planet
gears (34) and a planet gear carrier (36), the sun
gear (30) meshing with the planet gears (34) and the
planet gears (34) meshing with the annulus gear
(32), each planet gear (34) being rotatably mounted
in the planet gear carrier (36).

13. A gas turbine engine as claimed in claim 12 wherein
the planet gear carrier (36) comprising a first ring, a
second ring spaced axially from the first ring and a
plurality of circumferentially spaced axles extending
axially between the first ring and the second ring,
each planet gear (34) being rotatably mounted on a
respective one of the axles.

14. A gas turbine engine as claimed in any of claims 1
to 13 wherein the sun gear (30) being driven by the
gearbox input drive shaft (29), the annulus gear (32)
being secured to static structure (24) and the planet
gear carrier (36) being arranged to drive the propul-
sor (13).

15. A gas turbine engine as claimed in any of claims 1
to 13 wherein the sun gear (32) being driven by the
gearbox input drive shaft (29), the planet gear carrier
(36) being secured to static structure (24) and the
annulus gear (32) being arranged to drive the pro-
pulsor (13).

16. A gas turbine engine as claimed in any of claims 1
to 15 wherein the propulsor (13) being a fan or a
propeller.

17. A gas turbine engine as claimed in any of claims 1
to 16 wherein the V-shaped cross-section interme-
diate pressure compressor drive shaft (27) being a
monolithic piece.
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